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A B S T R A CT  
Mosquitoes of Aedes species are vectors of several arboviral diseases which continue to be a major 
public health problem in Nigeria. This study among other things, morphologically identified Aedes 
mosquitoes collected from Nsukka LGA and used an allele specific PCR amplification for 
discrimination of dengue vectors. Larval sampling, BG-sentinel traps and modified human landing 
catches were used for mosquito sampling in two selected autonomous communities of Nsukka LGA 
(Nsukka and Obimo). A total of 124 Aedes mosquitoes consisting of five (5) different species were 
collected from April to June, 2019 in a cross-sectional study that covered 126 households, under 76 
distinct geographical coordinates. Larvae was mainly collected from plastic containers 73% (n=224), 
metallic containers 14% (n=43), earthen pots 9% (n=29) and used car tyres 3% (n=9), reared to adult 
stage 69.35% (n=86), and all mosquitoes were identified using standard morphological keys. Five (5) 
Aedes mosquito species were captured; Aedes aegypti 83(66.94%), Aedes albopictus 33(26.61%), Aedes 
simpsoni (4.48%), Aedes luteocephalus (≤1%) and Aedes vittatus (≤1%). Nsukka autonomous community 
had higher species diversity than Obimo. Allele specific amplification confirmed dengue vectors, Aedes 
aegypti and Aedes albopictus species on a 2% agarose gel. Since the most recent re-emergence of arboviral 
diseases is closely associated with Aedes species, findings of this study therefore, give further evidence 
about the presence of potential arboviral vectors in Nigeria and describe the role of a simple PCR in 
discriminating some. Further entomological studies should integrate PCR assays in mosquito vector 
surveillance. 
 
Keywords: Aedes aegypti, Aedes albopictus, Dengue 
 
1 Introduction 
Mosquito borne diseases have long plagued 
humanity. Globally, they infect 96 million people 
[1] and the disease landscape is continually 
changing owing to several factors [2], [3]. A 
number of mosquito species serve as vectors of 
several arboviruses, with majority belonging to 
Aedes species, which cause clinical disease 
symptoms in humans and animals [4]. The most 
prevalent arboviruses of latest times include: 
Dengue virus (DENV), Chikungunya virus, 
Yellow fever virus, Zika virus, West Nile virus 
and Rift Valley fever virus [4], [5]. Dengue fever 
(also called Dengue or break bone fever) is 
caused by four distinct but closely related dengue 
viruses called serotypes (DENV-1, DENV-2, 
DENV-3, and DENV-4) [6]. More serious 
manifestations of this disease are called dengue 
haemorrhagic fever (DHF) and dengue shock 
syndrome (DSS), while mild manifestations are 
called dengue fever (DF) [7]. DF and DHF are 
the most rapidly spreading vector-borne diseases 
with approximately 50 million cases of infection 
worldwide [8], [9]. The disease has witnessed the 
most dramatic spread from nine to 128 countries, 
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with the number of cases exploding from just 
15,000 per year in the 1960s, to an estimated 390 
million in 2012 [1], [10], [11]. The recent 
geographic distribution of dengue now includes 
countries which had not reported dengue for 20 
or more years and several have no known history 
of the disease and this situation has worsened 
during the coronavirus pandemic [3], [12], [13]. 
Dengue mainly occurs in tropical and subtropical 
areas around the globe therefore, America, 
Southeast Asia and the Western Pacific regions 
are the most affected regions [8], [14]. Dengue is 
likely under recognized and underreported in 
Africa because of low awareness by health care 
providers, other prevalent febrile illnesses, and 
lack of diagnostic testing and systematic 
surveillance [15]. Dengue viruses are transmitted 
to humans through the bites of infective female 
Aedes mosquitoes after acquiring the virus 
through feeding on the blood of an infected 
person [16]. Aedes aegypti has exceptionally been 
shown to be the principal vector of DENVs in 
tropical areas of Africa, Central and South 
America [4], [17]. The other most important 
Stegomyia mosquito vector is Aedes albopictus, 
which often times is a secondary vector of these 
arboviruses [18]. It is generally believed to be a 
less competent vector of arboviruses than Aedes 
aegypti because it is not well adapted to urban 
domestic environments and is less anthropophilic 
however, because of its rapidly changing global 
distribution, it is becoming an increasing 
important vector associated with dengue 
outbreaks [19], [20]. Once infected, these 
mosquitoes capable of transmitting DENV to 
susceptible individuals for the rest of their life, 
during probing and blood feeding and to the next 
generation of mosquitoes by trans-ovarial 
transmission [7], [16]. Dengue is driven by 
climate change, trade and travel; annual mean 
temperatures of 15°C for Aedes aegypti and 11°C 
for Aedes albopictus seem to be indicative 
thresholds for the persistence of these vector 
populations in European regions, for example 
[13], [21]. The development and survival of all 
these mosquito vectors are closely linked with 
rainfall events [22] and the worldwide trades in 
second hand tyres has strongly allowed them to 
spread beyond their ranges [20], [23]. Several 
studies have shown that these vectors are 
abundant in the South Eastern parts of Nigeria 
[24]–[26]. Despite the reports of the presence of 
Aedes species in the region, molecular methods 
have not been employed to identify Aedes 
mosquitoes. Yet owing to the limitations of 
morphological techniques like, being specific to 
only a few developmental stages and impossible 
to identify damaged specimens, DNA-based 
technologies that use cyto-taxonomic features are 
increasingly being accepted for identification 
worldwide and sometimes the only option for 
distinguishing sibling species [27], [28]. The PCR 
method uses genetic markers to distinguish 
between sibling species in defined populations 
[29]. This study in particular investigated the 
mosquito vector species present in Nsukka LGA, 
their breeding habitats and used a simple PCR 
method to discriminate the distinct dengue vector 
species using the target primers. 
2 Research Methodology 
The study was carried out in two selected 
autonomous communities of Nsukka Local 
Government Area (LGA), Enugu State, South 
Eastern Nigeria as shown in Figure 1. This area is 
located between 6°51′24″N and 7°23′45″E, at an 
elevation of 1,810 feet, with an approximate 
population of 309,633 people, 17.52 square miles 
total land area and a home to members of the 
Igbo ethnic group [30].  
Figure 1: Map of Nsukka LGA showing the study 
locations (Nsukka and Obimo). 
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Figure 2A: Map of Nsukka LGA showing the 
sampling points in Nsukka autonomous community. 
Figure 2B: Map of Nsukka LGA showing the 
sampling points in Obimo autonomous community. 
Nsukka LGA has a tropical climate, with an 
average annual rainfall of about 1579 mm, the 
driest month is January, with 10 mm precipitation 
and in September, precipitation reaches its peak 
with an average of 299 mm [31]. Nsukka LGA 
has a warm climate with mean annual 
temperature of 24.9 °C, March being the warmest 
month of the year at 27.0 °C average 
temperatures and August is the coldest month of 
the year, at 22.9 °C on average [31]. These sites 
were selected based on ecological and 
demographical characteristics such as breeding 
habitats, the topography, vegetation and areas of 
high human habitation. Nsukka autonomous 
community (Figure 2A) is a peri-urban business 
area having a number of shops, garages, 
university, schools and gas stations while Obimo 
(Figure 2B) is situated in the sparsely-populated 
areas of Nsukka LGA, with a high vegetation 
cover and comprising rural settings. 
2.1 Sample collection 
Mosquitoes of Aedes species were successfully 
collected as adults and larvae in Nsukka LGA, 
from April to June 2019. Mosquito sampling 
forms obtained from NAVRC were used to 
record data and each sampling site was geo-
referenced using a global positioning system 
gadget. 
2.2 Mosquito larvae collection 
Mosquito larva was collected using a larval 
sampler/scooper with the aid of a pair of hand 
lenses and a torchlight for clear vision. Stagnant 
water collected in household outdoor containers 
were searched for the presence of larva. Spotted 
larvae were identified to genus using 
morphological characters by a Research 
Entomologist. All the instars of mosquito larvae 
were scooped into a small collection bowl, sorted 
out and transferred into a larval collection bottle 
using a dropper. An average of 4 mosquito larvae 
were collected from each household container 
type. Larval sampling was carried out between 
800hrs and 1600hrs and dispatched to the 
NAVRC laboratory for mosquito rearing. 
2.3 Collection of adult mosquitoes 
Adult mosquitoes were collected using battery-
operated BG-sentinel traps and modified human 
landing catches. The BG-sentinel traps were set 
up outdoors at 600hrs in appropriate and 
strategic locations, preferably cool and shady and 
collected at 1800hrs, from the premises of 
randomly selected households in each 
community. The live adult mosquitoes collected 
were euthanized with ethyl acetate in test tubes, 
sorted and identified by a qualified Entomologist 
using a stereomicroscope. The samples were 
immediately preserved in RNA-later in properly 
labelled sterile screw top cryovial tubes. Adult 
mosquitoes were also collected using human 
baits. The mosquitoes were immobilized using 
ethyl acetate in cotton wool-closed test tubes and 
identified under the stereomicroscope. All the 
samples were dispatched to the laboratory for 
storage at -20 oC and further processing. 
70 
 
 
 ISSN: 2456-7132  
Available online at Journals.aijr.in 
A Simple PCR Assay for Discrimination of Dengue Vectors from Nsukka LGA, Nigeria 
2.4 Mosquito rearing and identification 
The mosquito larvae samples from Nsukka LGA 
were reared to adult stage under appropriate 
conditions. The larvae were fed on appropriate 
animal feed locally prepared. Upon emergence, 
the mosquitoes were transferred from larval 
bowls to well labelled test-tubes using an 
aspirator. The mosquitoes were later 
morphologically identified using the gross 
standard morphology of the species, external 
morphology of the head, mouthparts, antennae, 
proboscis, stripes on the thorax, patches of pale 
and black scales on the wings and legs and the 
terminal abdominal segments as described by 
Gillett (1972) under a stereomicroscope by a 
qualified Entomologist [32]. Mosquitoes 
collected using HLC, BG-sentinel traps and those 
from larval emergence, were systematically 
pooled together into vials according to their sex, 
species, collection method and location, before 
being homogenized. 
2.5 Genomic DNA extraction 
Total DNA from mosquito tissues was extracted 
using the Quick-DNATM Tissue/Insect Miniprep 
Kit (Zymo Research, USA), according to 
manufacturer’s instructions. Briefly, 
BashingBeadTM Buffer (Zymo Research, USA) 
was first added to the Eppendorf tube containing 
the mosquito tissues and homogenized 
completely. The samples were then lysed by 
BashingBeadTM Buffer (Zymo Research, USA), 
mixed thoroughly using DAIGGER Vortex-
Genie (Scientific Industries, USA), centrifuged in 
a thermal micro-centrifuge (TGL-16, Scientific 
Industries), and the proteins were precipitated 
using Genomic Lysis Buffer in Zymo-SpinTM III 
Filter tubes (Zymo Research, USA), under an 
airflow chamber (PV-CH60BF). The lysate was 
then passed through Zymo-SpinTM IICR 
Columns and washed with DNA washing 
buffers. The eluted solution of the Eppendorf 
tube containing the extracted mosquito DNA 
was stored at -20 oC for subsequent PCR analysis. 
2.6 PCR Amplification 
Primers targeting the second internal transcribed 
spacer region (ITS2) were used for amplification. 
The multifunctional forward primer 18SFHIN 
(GTAAGCTTCCTTTGTACACACCGCCCGT) 
and reverse primers 
TAACGGACACCGTTCTAGGCCCT and 
GTACTAGGCTCACTGCC were used for 
amplification for Aedes aegypti and Aedes albopictus 
respectively. The primers were supplied by New 
England BioLabs, Inc., USA and Inqaba Biotech 
Africa Ltd. The master mix was made according 
to manufacturer’s instructions by adding 12.5 μl 
One Taq Master Mix (2X), 2 μl 20 μM Forward 
Primer, 2 μl 20 μM Reverse Primer, 5 μl of the 
DNA template and nuclease free water to a total 
volume of 25μl, in PCR tubes. They were inserted 
in a MyGeneTM Series Peltier thermal cycler 
(LongGene Scientific Instruments Co. Ltd) and 
ran using the following amplification conditions; 
97°C, 4 min, 1 cycle, 96°C, 30 s, 48°C, 30 s, 72°C, 
2 min, 30 cycles; 72°C and 72°C, 4 min for 1 cycle. 
The positive and negative controls were used in all 
PCR reactions. 
2.7 Molecular Analysis 
The PCR products were analyzed by agarose gel 
electrophoresis. Gel electrophoresis of the 
amplicons was performed using a 2% agarose gel 
in TAE buffer, stained with 5 µl Ethidium 
Bromide. Each gel-well was loaded with 7 μl of 
the PCR product and 3 μl purple DNA loading 
dye (6X) (New England BioLabs, Inc.) and ran at 
120 volts for 60 minutes in a gel box (BIO-RAD). 
S N0551S Quick-Load Purple 100bp DNA 
Ladder (New England BioLabs, Inc.) was used. 
The bands were visualized by UV fluorescence 
light using a gel documentation system (BioSens 
SC750, USA). 
2.8 Statistical Analysis 
Excel was used to analyze the proportion of 
mosquito by species and habitat types, and to 
calculate the Simpson’s Index. Simpson’s Index 
of diversity (D) was calculated using the formula 
below to determine mosquito diversity in the 
communities. 
𝐷 = 1 − (
∑ 𝑛(𝑛−1)
𝑁(𝑁−1)
)   (1) 
Where; n = the total number of mosquitoes of a 
particular species, N = the total number of 
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mosquitoes of all species in a community and, 
∑ = the sum of calculations [33]. 
3 Results 
3.1 Mosquito larval habitats 
In the two autonomous communities sampled, 
mosquito larva was collected from plastic 
containers, earthen pots, metallic containers and 
used car tyres, for Nsukka community as in 
Figure 3A below whereas, plastic containers and 
earthen pots contained the larvae in Obimo 
community as in Figure 3B. A total of 307 
mosquito breeding habitats were sampled in 
Nsukka LGA. Plastic containers were the most 
abundant mosquito larvae habitat 73%(n= 224) 
and the least was the wooden container type. 
 
Figure 3A: Mosquito larvae habitats in Nsukka autonomous community. 
 
Figure 3B: Mosquito larvae habitats in Obimo autonomous community. 
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Figure 4: Aedes mosquitoes collected using different sampling strategies in Nsukka LGA. 
Table 1: Aedes mosquitoes species captured in the two communitites of Nsukka LGA. 
D*=Simpson’s index of diversity 
3.2 Species diversity 
The 3 sampling strategies for Aedes mosquitoes 
were successful. Mosquitoes were mainly 
collected from Ihe Owerre, Umudikwu, Mkpuru 
Ikwere, Amaukwa and surrounding areas for 
Nsukka community, and Ajouna Obimo and 
surrounding areas for Ajouna community as 
indicated in Figures 2A and 2B. The highest 
number of Aedes mosquitoes was collected using 
larval sampling, with just 10.48% (n=13) 
collected using human landing catches (HLC) and 
20.16%(n=25) using BG-Sentinel traps. This is 
illustrated in Figure 4. Equal sampling efforts 
were considered during sampling although not all 
Aedes mosquitoes could probably be sampled in 
the sampling areas due to time and labour 
constraints. 
A total of 124 Aedes mosquitoes that were 
collected from Nsukka LGA including 31% 
(n=38) adult mosquitoes and 69.35%(n=86) just-
reared to adult from larvae collected during 
sampling. More Aedes mosquitoes were collected 
from Nsukka community than Obimo 
community, representing 66.13% (n =82) and 
33.87% (n = 42) respectively. The Aedes mosquito 
species captured in Nsukka LGA were: Aedes 
aegypti, Aedes albopictus, Aedes simpsoni, Aedes 
luteocephalus and Aedes vittatus. The Aedes aegypti 
recorded the highest number of Aedes mosquitoes 
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Aedes aegypti 44(35.48) 39(31.45) 83(66.94) 
Aedes albopictus 31(25) 2(1.61) 33(26.61) 
Aedes simpsoni 6(4.84) - 6(4.84) 
Aedes luteocephalus 1(0.81) - 1(0.81) 
Aedes vittatus  1(0.81) 1(0.81) 
Total 82 42 124 
D 0.9982 0.9965  
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sampled (66.94%; n = 83) of all the species, and 
occuring predominatly in all sites, followed by 
Aedes albopictus, Aedes simpsoni , Aedes luteocephalus 
and Aedes vittatus, in that order. 70.73% (n=58) of 
all the collections in Nsukka community were 
female mosquitoes as shown in Table 1.  
Since Nsukka autonomous community has a 
higher value of Simpson’s index of diversity (D= 
0.9982) compared to Obimo (D= 0.9965), this 
implys that Nsukka comminity has a higher Aedes 
species diversity. The highest number of females 
collected belonged to Aedes albopictus (83.87%, 
n=31) although Aedes aegypti species had the 
highest overall proportion of female mosquitoes. 
The dengue vectors, Aedes aegypti (67%, n =83) 
and Aedes albopictus (26%, n=33) species 
represented the highest collections from all the 
sampled sites of Nsukka LGA captured during 
the study. Aedes leteocephalus (≤1%, n=1) and Ae. 
vittatus (≤1%, n=1), were only captured in 
Nsukka and Obimo communities respectively, 
and they represent the lowest and the least 
abundant species in Nsukka LGA. These results 
are depicted in the Figure 5. 
 
Figure 5: Aedes species composition from Nsukka LGA 
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Figure 6: Gel electrophoresis image showing the observed bands after an allele specific amplification for 
species identification of samples from Nsukka LGA. A distinct band at ~950 bp confirms the presence of Aedes 
albopictus upon (L4). Other samples didn’t produce clear bands (L1, L2, L3, L5, L6, L7, L8, L9 and L10). 
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Figure 7: Gel electrophoresis image showing the observed bands after an allele specific amplification for 
species identification of Aedes aegypti at~550 bp (L2 and L3) and Aedes albopictus at ~950 bp  
upon (L2, L3 and L4). 
3.3 Species identification 
Species identification using a PCR was strictly 
carried out on the two principal vectors of 
dengue fever, Aedes (Stegomyia) aegypti and Aedes 
(Stegomyia) albopictus. The PCR allele-specific 
amplification for species identification produced 
a clear band at ~950 bp upon viewing the gel 
confirming Aedes albopictus species as shown in 
Figure 6. Also, 2 distinct fragments of ~550 bp 
and ~950 bp were observed in another gel, 
confirming the presence of Aedes aegypti and Aedes 
albopictus respectively, as had been 
morphologically identified. The gel results are 
shown in the Figure 7 confirming the presence of 
dengue vectors. 
4 Discussion 
The most recent outbreak and re-emergence of 
arboviral diseases such as dengue fever and Zika 
is closely associated with Aedes species [5]. These 
mosquitoes and hence arboviruses, continue to 
spread across the world even into areas that they 
never existed before [3], [34]. Nigeria, an endemic 
country for dengue fever, is currently 
experiencing several outbreaks of yellow fever 
[35], [36]. Despite these threats, entomological 
studies continue to rely on standard 
morphological keys for vector identification, at 
the expense of molecular methods like the PCR 
[24], [26], [37]. This study attempted to identify 
the major dengue fever vectors from Nsukka 
LGA, their breeding habitats and a simple PCR 
based method for species identification. This 
study reports that, tyres, plastic containers, 
earthen pots, and metallic containers that 
collected water around homesteads were found 
to be the breeding grounds for Aedes species. This 
has been reported in other studies [24], [38], [39], 
as susceptible habitats in harbouring mosquito 
larvae, particularly those of Aedes species. This 
was evident with the high presence of Aedes 
mosquito species collected. Similar findings [26] 
indicate the same type of breeding by the 
exophagic Aedes mosquitoes in Nigeria. The 
increasing habit of discarding and littering 
containers especially by the Nigerian urban 
dwellers has tremendously increased chances of 
breeding by mosquitoes [16], [37], [40]. This 
study also discovered that most of the species 
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sampled belonged to Aedes aegypti and Aedes 
albopictus, and occur in both communities of 
Nsukka LGA. However, the morphologically 
identified Aedes simpsoni mosquitoes were 
collected only from Nsukka autonomous 
community. According to the previous studies, 
Aedes simpsoni  was most recently cited in other 
parts of Enugu State, Anambra and Ondo States 
of Nigeria [26], [41] and some parts of West 
Africa [42]. Nsukka community had a greater 
species diversity compared to Obimo 
community. This can be attributed to high human 
activities such as, improper disposal of 
containers, presence of old tyres that harbour 
stagnant water and enhance the breeding and 
improper drainage system of the area, especially 
during rainy seasons. PCR findings of this study 
give further evidence about the presence of 
potential dengue vectors, Aedes aegypti and Aedes 
albopictus which are respectively, principal and 
secondary vectors of dengue fever viruses and 
several other arboviruses [4], [5]. Similar bands at 
~550 bp and ~950 bp for Aedes aegypti and Aedes 
albopictus were respectively reported in other 
studies [43], [44]. This therefore indicates a high 
potential for maintenance and transmission of 
mosquito borne viruses in Nsukka LGA. 
5 Conclusion 
This study has shown that arbovirus vectors are 
well established throughout Nsukka LGA and a 
simple PCR assay can be used to discriminate 
dengue vectors. The presence of these potential 
dengue vectors and their close proximity to 
humans pose a high risk of arbovirus 
transmission in the area, therefore, continuous 
risk assessment should continue being in place to 
protect the general public. There is also need for 
immediate preventive measures including 
community health education in dealing with the 
main ‘breeding containers’ which hold water for 
a long time around homesteads and create the 
enabling environment for breeding mosquitoes. 
Integrated vector management can now target the 
identified key containers in applying larvicides. 
Designing universal primers that target all the 
entire Aedes species may be useful. 
6 Declarations 
6.1 Study Limitations 
The gel documentation system (BioSens SC750, 
USA) at the laboratory faulted during the analysis 
and could not directly print out the results upon 
visualization. Gel results had to be taken by a 
mobile phone. 
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